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$x=X_{h}(s)+\cdot\cos\varphi e_{2}+r\sin\varphi e_{3}$ , $\theta=\varphi+\kappa_{2^{S}}$ . (2)
$\{e_{i}\}(i=1,2,3)$ IFYenet $\varphi$ $\varphi=0$ $e_{2}$
$(r, \varphi, s)$
$\theta$ [11]
$r^{*}= \frac{r}{\sigma_{0}}$ , $s$. $= \frac{s}{R_{c}},$ $u^{r}= \frac{u}{u_{0}}$ , $t^{*}= \frac{u_{0}t}{\sigma_{0}}$ . (3)
$u_{0}=\Gamma_{0}/(2\pi)$ $\Gamma_{0}$ , ,
$\kappa i=\sigma_{0}\kappa_{1}=\epsilon_{\dot{l}}\kappa_{2}^{*}=\sigma_{0}\kappa_{2}=\epsilon\alpha,$ $\Omega_{0}^{*}=\Omega_{0}\sigma_{0}/u_{0}=\beta\epsilon^{2}$ . (4)
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$\frac{\partial u}{\prime^{l})t}+u\cdot\nabla u+2\Omega xu=$ $-\nabla p$ , $(^{r}\backslash ))$
$\nabla\cdot u=0$ , (6)
Hattori and Fukumoto[7]
$u$
$\frac{c7\tau\iota}{\partial t}+u\frac{\partial\cdot u}{\partial r}+\frac{v}{r}\frac{\partial\tau\iota}{\partial\theta}-\frac{v^{2}}{r}+\epsilon\frac{wr9u}{1-\epsilon rc\circ 8\varphi\partial s}+\epsilon\frac{\cos\varphi}{1-\epsilon r\cos\varphi}w^{2}$
$+ \epsilon^{2}\frac{2\beta}{\sqrt{1+\alpha^{2}}}(w\cos\varphi-\alpha v)=-\frac{\partial p}{dr}$ . (7)
$1-\epsilon$.rcos $\varphi$
$\epsilon$
$\{\begin{array}{l}uvwp\end{array}\}$ $=$ $\{\begin{array}{l}0v_{00}0p_{00}\end{array}\}+\epsilon,$ $\{\begin{array}{l}u_{01}v_{01}w_{01}p_{01}\end{array}\}+\epsilon^{2}\{\begin{array}{l}u_{O2}v_{02}w_{02}\mu_{12}\end{array}\}+\cdots$ (8)
$u=ue_{f}+ve_{\theta}+we_{s}$ $0$ $(w_{\infty}=0)$
Euler $\epsilon$
$\{\begin{array}{l}uvwp\end{array}\}$ $=$ $\{\begin{array}{l}0r0\frac{r^{2}}{2}\end{array}\}+\epsilon\{\begin{array}{l}\frac{5}{r}(1-r^{2})sin\varphi\frac{5}{8}-\frac{7}{8}r^{2})cos\varphi 0(\frac{5}{8}r-\frac{3}{8}r^{3})cos\varphi\end{array}\}$









$\frac{dX}{dt}$ $=$ $U(X)$ , (10)
$\frac{dk}{dt}$ $=$ $-\mathcal{L}^{T}k$ , (11)
$\frac{da}{dt}$ $=$ $( \frac{2kk^{T}}{|k|^{2}}-I)\mathcal{L}a+2(\frac{kk^{T}}{|k|^{2}}-I)\Omega xa$ . (12)
$\mathcal{L}=\nabla U$ $a$ 2
$k\cdot a=0$
3 2 2
$[$ 10$]$ Bayly et al. (1996)[10]
$p= \frac{k}{k_{1}}k_{\perp}\cdot a_{1}$ , $q= \frac{k}{k_{1}}k_{1}xa_{1}$ , (13)
$\frac{dp}{dt}$ $=$ $[ \frac{d}{dt}(\log\frac{k_{\perp}}{k})-2\mathcal{L}_{\iota}-\frac{l_{1}\cdot k_{1}}{k_{s}}+\frac{(l_{2}\cdot k_{\perp})k_{l}}{k_{\perp}^{2}}]p$
$+[ \frac{2k_{\epsilon}^{2}}{k_{\perp}^{2}k^{2}}k_{\perp}x\frac{dk_{\perp}}{dt}-\frac{(l_{2}xk_{1})k_{\epsilon}}{k_{1}^{2}}+2\frac{k_{s}}{k^{2}}k\cdot\Omega]q$, (14)
$\frac{dq}{dt}$ $=$ $[- \omega_{s}-\frac{(l_{2}\cross k_{1})k_{\epsilon}}{k_{\perp}^{2}}-\frac{l_{1}xk_{1}}{k_{s}}-\frac{2}{k_{\epsilon}}k\cdot\Omega]p$
$+[- \frac{d}{dt}(\log\frac{k_{1}}{k})+\mathcal{L}_{\epsilon}-\frac{(l_{2}\cdot k_{1})k_{\epsilon}}{k_{\perp}^{2}}]q$ . (15)
$\mathcal{L}$
$\mathcal{L}=(\begin{array}{ll}c_{\perp} l_{1}l_{2}^{T} \mathcal{L}_{l}\end{array})$ . (16)
$l_{1}$ $l_{2}$ $(\alpha=/?=0)$




$\mu=$ $\epsilon|-\frac{45r_{0}}{128}+\frac{75r_{0}}{256}\cos 2\phi+i\frac{75r_{0}}{256}\sin 2\phi$





Figure 2: Growth rates obtained by short-wavelength stability analysis. (a) Depen-
dence on $r_{0}$ . $\alpha=0,$ $\pm 1,$ $\beta=0,$ $\epsilon=0.05,$ $\phi=10^{o}$ . $(b)$ Ratio of growth rates as functions
of $\phi$ . $\alpha=1,\beta=0,$ $\epsilon=0.05,r_{0}=1$ .
$r_{0}$ $\pi/2-\phi$ $k$ $=$
$\beta/\sqrt{}\sqrt{1+\alpha^{2}}$ $\alpha=\beta=0$ $\mu=(15/256)\sqrt{61-60\cos 2\phi}$
[6] $\phi=0$
$\mu$
$(\phi, \alpha, \beta)arrow(-\phi$ . $-\alpha, -\beta)$
Fig. 2 Fig. 2(a) $(\beta=0)$















$\frac{dr^{(0)}}{dt}=0$ , $r^{(0)} \frac{d\theta^{(0)}}{dt}=r^{(0)}$ ,










$=$ $\frac{\partial u_{01}}{\partial r}r^{(1)}+\frac{\partial u_{01}}{\partial\theta}\theta^{(1)}+c\iota_{02}(r^{(0)},\theta^{(0)})$ ,
$r^{(0)} \frac{d\theta^{(2)}}{dt}+r^{(1)}\frac{d\theta^{(1)}}{dt}+r^{(2)}\frac{d\theta^{(0)}}{dt}$ $=$ $\frac{\acute{c})\tau\prime\alpha 1}{\partial r}r^{(2)}+\frac{\partial_{l)_{01}}}{\partial r}r^{(1)}+\frac{t^{r}lv_{01}}{\partial\theta}\theta^{(2)}+v_{02}(r^{(0)},\theta^{(0)})$ .
$r^{(2)}$ $=$ $[- \frac{25}{256r_{0}}+(-\frac{A_{02}}{2}+\frac{5}{128})r_{0}+\frac{31}{256}r_{0}^{3}]\cos 2\varphi^{(0)}$ ,













$k_{r}^{(1)}$ $=$ $- \frac{o^{r}}{4}r_{0}k_{r0}\cos\varphi+(\frac{o^{r}}{8r_{0}}+\frac{7r_{0}}{8})k_{\theta 0}\sin\varphi$
$k_{\theta}^{(1)}$ $=$ $(- \frac{o^{r}}{8r_{0}}+\frac{\backslash r_{)r_{0}}}{8})k_{r0}\sin\varphi+\frac{1}{4}r_{0}b_{0}\cos\varphi$




$-[( \frac{\partial \mathcal{L}_{1}^{T}}{\partial r}r^{(1)}+\frac{\partial \mathcal{L}_{1}^{T}}{\partial\theta}\theta^{(1)})k^{(0)}]_{r}$ ,
$\frac{dk_{\theta}^{\langle 2)}}{dt,}+k_{r}^{(0)}\frac{d\theta^{(2)}}{dt}+k_{r}^{(1)}\frac{d\theta^{(1)}}{dt}+k_{r}^{(2)_{\frac{d\theta^{(0)}}{dt}}}$
$=$ $k_{r}^{(2)}-(\mathcal{L}_{1}^{T}k^{(1)})_{\theta}-(\mathcal{L}_{2}^{T}k^{(0)})_{\theta}$
$-[( \frac{\partial \mathcal{L}_{1}^{T}}{\partial r}r^{(1)}+\frac{\partial \mathcal{L}_{1}^{T}}{\partial\theta}\theta^{(1)})k^{(0)}]_{\theta}$,
$\frac{dk_{9}^{(2)}}{dt}$ $=$ $-(\mathcal{L}_{1}^{T}k^{(1)})_{\epsilon}-(\mathcal{L}_{2}^{T}k^{(0)})_{s}$
$-[( \frac{\partial \mathcal{L}_{1}^{T}}{\partial r}r^{(1)}+\frac{\partial \mathcal{L}_{1}^{T}}{\partial\theta}\theta^{(1)})k^{(0)}]_{s}$ .
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$\mathfrak{W}$ $\ovalbox{\tt\small REJECT}$f,$\grave\lambda$
$k_{r}^{(2)}$ $=$ $k_{r0} \cos 2\varphi(\frac{25}{256r_{0}^{2}}+\frac{5}{128}+\frac{A_{02}}{2}+\frac{37r_{0}^{2}}{256})$
$+k_{\theta 0}[ \frac{21r_{0}^{2}}{16}t+\sin 2\varphi(\frac{2_{\iota)}^{\ulcorner}}{128r_{0}^{2}}-\frac{2_{0}^{r}}{64}-\frac{27r_{0}^{2}}{128})]$
$+k_{\epsilon 0} \sin\varphi(-\frac{5\alpha}{8}-\frac{/f}{\sqrt{1+\alpha^{2}}}+\frac{9\alpha r_{0}^{2}}{8})$
$k_{\theta}^{(2)}$ $=$ $k_{r0} \sin 2\varphi(-\frac{25}{128r_{0}^{2}}$ $2+ \frac{25}{64}-\frac{9r_{0}^{2}}{128}I$
$+b_{0} \cos 2\varphi(\frac{2_{0}^{r}}{2_{t)}^{r}6r_{0}^{2}}+\frac{\backslash )r}{128}-\frac{A_{02}}{2}-\frac{3_{\iota)}^{r}r_{0}^{2}}{2_{\iota J}^{\ulcorner}6}I$
$+k_{s0} \cos\varphi(-\frac{5\alpha}{8}-\frac{\beta}{\sqrt{1+\alpha^{2}}}-\frac{3\alpha r_{0}^{2}}{8}I$
$k_{l}^{(2)}$ $=$ $\frac{\backslash \prime\alpha}{8}(1-r_{0}^{2})k_{r0}\sin\varphi)+\alpha(\frac{v^{r}}{8}-\frac{7r_{0}^{2}}{8})b_{0}\cos\varphi+\frac{3r_{0}^{2}}{8}k_{\iota 0}\infty s2\varphi$.
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